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Summary  This  study  aims  at  complete  replacement  of  conventional  diesel  fuel  by  biodiesel.
In order  to  achieve  that,  palm  kernel  oil  and  eucalyptus  oil  blend  has  been  chosen.  Eucalyptus
oil was  blended  with  methyl  ester  of  palm  kernel  oil  in  5%,  10%  and  15%  by  volume.  Tests  were
conducted  with  diesel  fuel  and  blends  on  a  4  stroke  VCR  diesel  engine  for  comparative  analysis
with 220  bar  injection  pressure  and  19:1  compression  ratio.  All  the  test  fuels  were  used  inCompression  ratio;
Combustion;
Emission  and  VCR  CI
engine
computerized  4  stroke  single  cylinder  variable  compression  ratio  engine  at  ﬁve  different  loads
(0, 6,  12,  18  and  24  N  m).  Present  investigation  depicts  the  improved  combustion  and  reduced
emissions  for  the  PKO85%  +  EuO15%  blend  when  compared  to  diesel  at  full  load  conditions.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
d
w
uIntroduction
In  the  automated  world  automobiles  are  playing  the  key  role
in  commuting  people  to  their  destinations.  With  the  sud-
den  increase  in  vehicular  population,  the  requirement  for
fuel  is  skyrocketing.  Unfortunately,  the  fossil  fuels  are  being
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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licenses/by-nc-nd/4.0/).epleted  by  day  to  day  increase  in  demand  for  fuel.  Whole
orld  is  now  focusing  on  the  renewable  energy  sources.  The
sage  of  biodiesel  has  many  beneﬁts  like  environmentally
nd  economically  effective,  locally  available  and  bringing
he  opportunities  to  farmers.
Existing  fuels  are  to  be  replaced  by  the  bio  fuels  which
re  renewable  in  nature.  Bio  fuels  are  extracted  from  plants
nd  animals.  Oils  that  are  extracted  from  plants  can  be
ategorized  into  triglyceride  oils  and  terpene  oils.  In  the
urrent  study  triglyceride  oils  are  used.  Triglyceride  oils  can
e  derived  from  seeds  and  leaves  of  the  plants.  Present  study
ses  palm  kernel  oil,  from  which  methyl  ester  is  extracted.
alm  kernel  oil  is  prepared  from  the  kernel  in  palm  seeds.
ucalyptus  oil  is  made  from  leaves  and  young  twigs  of  the
icle under the CC BY-NC-ND license (http://creativecommons.org/
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perimental  setup.
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Figure  2  Variation  of  CO  emissions  with  load.
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aFigure  1  Ex
lant.  Palm  kernel  oil  is  used  as  major  fuel  and  blended  with
%,  10%  and  15%  of  eucalyptus  oil  and  compared  with  diesel.
Operating  parameters  of  the  engine  plays  a  vital  role
or  better  performance.  Injection  pressure  and  compression
atio  are  the  main  parameters  that  affect  the  engine  work-
ng  at  220  bar  injection  pressure  and  19:1  CR.  In  the  present
tudy,  injection  pressure  is  varied  to  study  the  better  oper-
ting  injecting  pressure  (Ganapathy  et  al.,  2011).  Worked
ut  injection  pressures  are  180,  190,  200,  210  and  220  bar.
hree  compression  ratios,  i.e.,  14:1,  16.5:1,  and  19:1  are
tudied  at  ﬁve  different  load  conditions,  due  to  space  con-
traint  only  the  optimum  results  are  displayed.  The  study  on
ombustion  characteristics  with  different  blends  and  various
ompression  ratios  shows  that  with  increase  in  compression
atio  the  torque  for  all  blends  increases  (Muralidharan  and
asudevan,  2011).
xperimental setup
urrent  experimentation  was  done  on  computerized  4  stroke
ingle  cylinder  variable  compression  ratio  compression  igni-
ion  engine.  Combustion  and  emission  characteristics  of  the
io  fuel  are  tested  using  exhaust  gas  analyser  and  smokeme-
er.
Tests  were  conducted  on  methyl  ester  palm  kernel  oil
5%,  eucalyptus  oil  05%  (B5),  B10  and  B15  blends  on  vol-
me  basis  (Tamilvendhan  and  Ilangovan,  2000).  Compression
atio  and  injection  pressure  were  varied  from  14:1  to  19:1
ith  an  interval  of  2.5  and  180—220  bar  with  10  bar  interval
espectively.  Properties  of  the  palm  kernel  oil  methyl  ester
nd  eucalyptus  oil  are  shown  in  Table  1.
Table  1  Fuel  properties.
Properties  Viscosity
(cst)@40 ◦C
Caloriﬁc
value
(kcal/kg)
Density
(kg/mm3)
Diesel  3.25  42,700  0.84
Palm  kernel  oil  (PKO)  4.839  37,250  0.883
Eucalyptus  oil  (EuO)  2.024  43,270  0.991
B5 (95%  PKO  +  5%  EuO) 4.698  37,551  0.888
B10 (90%  PKO  +  10%  EuO)  4.246  38,158  0.892
B15 (85%  PKO  +  15%  EuO)  3.845  39,043  0.911
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esult analysis
etter  results  were  obtained  at  19:1  compression  ratio,
20  bar  injection  pressure  and  B15  test  fuel  at  the  various
oad  levels.  Only  better  performed  results  were  given  in  the
nalysis  because  of  the  space  constraint.
mission  analysis
arbon  monoxide
ariation  in  the  CO  emissions  is  shown  in  Fig.  2.  CO  emissions
f  B15  decreased  considerably  when  compared  to  that  of
iesel  at  full  load  conditions.  Not  much  change  was  observed
t  lower  loads.  The  oxygen  enriched  fuels,  i.e.,  palm  kernel
il  and  eucalyptus  oil,  promoted  the  oxidation  of  CO  during
xhaust.  41.09%  reduction  in  CO  emission  was  recorded  for
15  blend  at  full  load  condition.
xides  of  nitrogen
ith  the  abundant  availability  of  oxygen  and  complete,apid  combustion  leads  to  increase  in  temperatures  inside
ombustion  chamber  which  causes  increase  in  NOx emis-
ions.  High  eucalyptus  oil  blend  (B15)  has  exhibited  highest
Ox emissions  which  were  shown  in  Fig.  3.
Performance  and  emission  characteristics  of  VCR  CI  engine  
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Figure  4  Variation  of  smoke  intensity  with  load.
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Smoke  intensity
B15  depicts  the  lowest  possible  smoke  at  all  the  loads  when
compared  to  diesel  as  shown  in  Fig.  4.  More  speciﬁcally,
higher  reduction  is  exhibited  at  full  load  condition.  It  offered
37.05%  lower  smoke,  due  to  higher  combustion  temperature
at  full  load  conditions.
Performance  analysis
The  variation  of  cylinder  peak  pressure  with  respective  to
load  for  the  biodiesel  blends  was  shown  in  Fig.  5.  Peak  pres-
sure  depends  on  the  uncontrolled  heat  release  rate,  which
further  inﬂuences  combustion  rate.  Eucalyptus  oil  percent-
age  in  the  biodiesel  blend  lowers  viscosity  and  improves
volatility.  Better  atomization  and  mixture  preparation  with
air  during  the  ignition  delay  period  was  observed.  It  was  also
noted  that  the  cylinder  peak  pressure  for  all  the  test  fuels
increases  with  load,  because  of  the  low  cetane  number.  Low
cetane  fuel  is  more  volatile  with  high  latent  heat  of  vapor-
ization.  Cylinder  peak  pressure  of  all  the  biodiesel  blends
increased  with  increase  in  eucalyptus  oil  blending  percent-
age.  The  P—  graph  depicts  blend  with  higher  eucalyptus
oil  percentage  provide  higher  cylinder  pressure  compared
to  that  of  diesel  that  is  due  to  the  lower  cetane  number  of
eucalyptus  oil.  The  blends  presented  slightly  higher  torque
and  power  than  the  diesel  fuel.  This  outcome  could  be
explained  by  the  higher  density,  higher  viscosity,  and  bet-
ter  combustion  of  the  blends  (Laforgia  and  Ardito,  1995;
Raheman  and  Ghadge,  2008).
T197
onclusions
he  effective  compression  ratio  and  injection  pressure
an  be  ﬁxed  based  on  the  experimental  results  obtained
n  the  engine  since  the  ﬁndings  of  the  present  research
ork  infer  that  the  biodiesel  obtained  from  blends  of
alm  kernel  oil  and  eucalyptu  oil  is  a  promising  alternative
uel  for  direct-injection  four-stroke  VCR  engine  (Raj  and
andasamy,  2012).  Performance  analyses  of  a  computerized
our  stroke  single  cylinder  VCR  CI  engine  at  220  bar  injection
ressure  and  19:1  CR  were  studied  and  conclusions  for  the
tudy  are  given  below:
.  Higher  cetane  value  of  methyl  ester  of  palm  kernel  oil
blended  with  lower  cetane  valued  eucalyptus  oil  in  the
blend  has  got  compensated.
. Test  fuels  exhibit  properties  similar  to  those  of  diesel.
.  Reduced  viscosity  leads  into  better  atomization  and  spray
structure  of  the  fuel.
.  B15  was  found  out  to  be  better  performing  blend  among
the  test  fuels,  with  effective  emission  and  combustion
characteristics.
.  The  results  show  41.09%  reduction  in  CO,  42.99%  reduc-
tion  in  HC,  9.02%  increase  in  NOx emissions  and  37.05%
reduction  in  smoke  for  B15  blend  at  100%  load  conditions.
.  Better  combustion  was  also  witnessed  when  cylinder
peak  pressure  and  pressure  were  evaluated  with  respec-
tive  to  load  and  crank  angle  respectively.
Finally,  B15:  85%  palm  kernel  oil  +  15%  eucalyptus  oil
s  capable  biodiesel  that  can  replace  the  conventional
etroleum  based  diesel  fuel  without  any  modiﬁcations  to
he  CI  engine.
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